Objectives: To measure the predictive value of immunization records for protective immunity and identify risk factors for immunization failure.
munity-based (14%), or both (34%). Of adoptees with 3 or more tetanus (n=203) or 3 or more diphtheria (n=205) vaccinations, 87.2% and 94.6% had protective immunity, respectively. Of adoptees with 3 or more polio vaccinations (n=216), protective immunity was present in 58.3%, 82.4%, and 51.9% for polio types 1, 2, and 3, respectively. Of adoptees with 2 or more hepatitis B vaccinations (n=170), 94.1% had protective immunity. A total of 80.8% of adoptees with measles vaccination (n=99) had protective immunity. Children from China were less likely to have protective immunity than children from Russia (odds ratio, 0.34; 95% confidence interval, 0.17-0.66). Nutritional status had no predictive effect.
Conclusions:
The predictive value of immunization records in international adoptees is limited and varies between birth countries. Immunization records should not be accepted as evidence of protective immunity. Parents should be well informed and supported to choose between revaccination or vaccination, based on serologic testing.
Arch Pediatr Adolesc Med. 2009; 163(5) : [473] [474] [475] [476] [477] [478] [479] I N THE PAST 15 YEARS, MORE THAN 247 000 foreign-born children have been adopted by families in the United States. 1 Many of these children have lived in institutional settings that are crowded and resource-poor. As a result, these children often suffer from malnutrition, which may lead to an increased risk of immunization failure. Foreign-born children, including international adoptees, are more likely to be underimmunized than USborn children. 2 International adoptees often have incomplete or no written immunization records. 3, 4 According to the Red Book, "Written documentation of immunization can be accepted as evidence of adequacy of previous immunization if the vaccines, dates of administration, number of doses, intervals between doses, and age of the child at the time of immunization are consistent internally and comparable to current US or World Health Organization schedules." 5 Although the American Academy of Pediatrics Committee on Infectious Diseases advises that valid written records of vaccination could be considered as evidence of previous vaccination, these records, especially for children from orphanages, may not accurately reflect vaccine-induced protective immunity. Reasons for this include documentation inaccuracies, lack of vaccine potency, and impaired immune response, possibly due to stress 6 or malnutrition.
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Previous studies on the predictive value of immunization records in international adoptees have had small sample sizes and inconsistent findings. [7] [8] [9] [10] [11] [12] Very few studies have examined factors that could in-fluence the relationship between vaccination records and protective immunity such as the birth country, nutritional status, and preadoptive settings. 9 We conducted a prospective cross-sectional study to measure the predictive value of vaccination records for protective immunity in international adoptees and to identify risk factors for immunization failure.
METHODS
Cross-sectional data was obtained from international adoptees presenting for care at the International Adoption Clinic of Rainbow Babies and Children's Hospital between January 2001 and April 2006. Children were included in the study if they presented within 180 days of arrival in the United States, did not have hepatitis B, hepatitis C, or human immunodeficiency virus infections, and their adoptive parents completed written informed consent. Children were excluded in subanalysis of specific vaccine types if they had received that particular vaccine in the United States. The study protocol was approved by the institutional review board of University Hospitals of Cleveland.
Medical records were reviewed for relevant history and detailed vaccination history, which included the number of vaccines and the dates received. Information was obtained on demographic characteristics, preadoptive care history, and longitudinal anthropometric measures. Preadoptive settings were described as either exclusively community (foster care or care within the biologic family), exclusively institutional (orphanage and hospital-based care), or combined institutional and community-based care. A vaccine dose was considered valid when the written vaccine record was available and included the type of vaccine and specified the date of administration. A specific recorded vaccine dose was considered invalid when no administration date was recorded or when the date of administration preceded the child's date of birth. 3 Children with invalid vaccine doses were excluded from the analysis.
A venous blood sample was obtained and used to determine serum antibody titers to hepatitis B, measles, diphtheria, tetanus, and polio types 1 through 3. Serum antibody titers were measured using enzyme-linked immunosorbent assay (ELISA) for diphtheria, tetanus, and measles or enzyme immunoassay for hepatitis B and neutralizing antibody titers for polio under standard procedures in accredited medical laboratories. Serum antibody titers were not obtained for all the children, as some parents chose to revaccinate their children rather than measure antibody titers, while others had antibody titers measured somewhere else. The total number of children analyzed for each vaccine type therefore depended on the number who had titers ordered, did not have a vaccination in the United States, and had valid vaccine doses. These numbers differ for each vaccine type.
Laboratory-specific definitions of protective immunity were used as follows: tetanus, 0.50 IU/mL or more; diphtheria, 0.1 IU/mL or more; polio, titers of 1:40 or more; measles, more than 1.1 IU/mL; hepatitis B surface antibody, index 10 IU/mL or more. We developed a surrogate measure of protective immunity that measured acquired immunity most likely due to vaccine administration rather than immunity acquired from the environment secondary to infection or to exposure to the disease. We defined this surrogate measure as immunity to both tetanus (tetanus antibody concentrations are the most reliable marker for diphtheria, pertussis, tetanus [DPT] vaccination status 8, 13 and tetanus infections are generally rare) and polio type 1 (less likely to be acquired through infection and less immunogenic 14 ). Nutritional status was assessed using baseline anthropometrics at the time of presentation to the clinic. Acute malnutrition (wasting) and chronic malnutrition (stunting) were assessed. 15 Patients' z scores were calculated using the 2006 World Health Organization Child Growth Standards 16 for children up to 5 years of age and the 2000 Centers for Disease Control and Prevention growth charts reference population for children older than 5 years. 17 The expression in z scores uses the standard deviation of the reference distribution as the unit for a given height, length, or weight at specific ages. Moderate to severe wasting was defined as a weight-for-height z score of −2 or less. Moderate to severe stunting was defined as a height-for-age z score of −2 or less. By convention, children with z scores between -3 and −2 or less are considered to have moderate malnutrition and children with z scores of less than −3 are considered to have severe malnutrition. 15, 18 All data were entered in Microsoft Access 2000 (Microsoft Corporation, Redmond, Washington) and later exported into SAS version 9.1 (SAS Inc, Cary, North Carolina) for statistical analysis. Descriptive statistics were used for demographic characteristics and immunization records. Children from birth countries contributing less than 5% to the study sample were grouped according to the WHO regions. The 2 test was used to compute differences in proportions between groups. Multivariate logistic regression was used to compute odds ratios (OR) of protective immunity (and the corresponding 95% confidence intervals [CI] ) for the different types of vaccines regarding country of origin and preadoptive settings. Models were adjusted for number of vaccine doses and sex. Nutritional status did not significantly alter the risk estimates and was therefore not included in the models. All P values reported in the analysis are 2-sided.
RESULTS
A total of 492 international adoptees presented for care during the study period. Twenty-seven were excluded because they presented more than 180 days after arrival in the United States (n=22), were infected with hepatitis B virus (n=4), or were infected with hepatitis C virus (n=1). Therefore, the study sample included 465 children.
Characteristics of the study sample are presented in Table 1 . Vaccination records were available for 397 (85.4%) adoptees. The mean (SD) age at adoption was 19.4 (19.2) months (range, 4-144 months), with 65.2% girls. Most of the adoptees came from Russia (41.7%), China (20.9%), and Guatemala (15.7%), and 81% presented to the clinic within 30 days of arrival (mean [SD], 23.1 [21. 0] days; range, 1-148 days). On presentation to the clinic, 5.5% and 15.4% of the adoptees had evidence of moderate to severe acute (wasting) or chronic (stunting) malnutrition, respectively. Preadoptive settings were exclusively institutional (52%), exclusively communitybased (14%), or a combination of institutional and community-based (34%). The parents of 97 children (20.9%) chose to revaccinate their children rather than measure protective immunity, while another 48 (10.3%) had serum antibody titers done elsewhere. Table 2 displays the results of protective immunity to each vaccine type stratified by the number of valid vaccine doses recorded. Adoptees had a mean (SD) of 2.1 (1.4) tetanus/diphtheria vaccinations (range, 0-4). For adoptees with 3 or more tetanus (n=203) or 3 or more diphtheria (n=205) vaccinations, 87.2% and 94.6% had evidence of protective immunity, respectively. Adoptees had a mean (SD) of 2.3 (1. WWW.ARCHPEDIATRICS.COM 474 0-5). For adoptees with 3 or more polio vaccinations (n = 216), protective immunity was present in 58.3%, 82.4%, and 51.9% for polio types 1, 2, and 3, respectively (Table 2) . Adoptees had a mean (SD) of 1.7 (1.3) hepatitis B vaccinations (range, 0-3). For adoptees with 2 or more hepatitis B vaccinations (n = 170), 94.1% had evidence of protective immunity. For adoptees with measles vaccinations (n = 99), 80.8% of them had evidence of protective immunity. Twenty of these children received a measles vaccine before 1 year of age, with 75.0% developing protective immunity. Table 3 presents results of bivariate analysis stratified by the number of valid vaccines recorded for each vaccine type. When comparing across birth countries using the 2 test, children born in China with 3 or more doses of the DPT or polio subtype I were less likely to have protective immunity than children with 3 or more doses of DPT or polio subtype I born in other countries. When comparing between children from different preadoptive settings, there were no significant differences between protective immunity within vaccine dose number strata. Similarly, there was no significant difference in protective immunity within vaccine dose number strata between children with and without moderate to severe stunting or wasting at presentation (data not shown).
The results of multivariate regression are presented in Table 4 . Children from China, Guatemala, and "other" countries were less likely to have protective immunity to hepatitis B vaccine compared with children from Russia (OR, 0.72; 95% CI, 0.20-2.63; OR, 0.59; 95% CI, 0.07-4.69; and OR, 0.29; 95% CI, 0.10-0.87, respectively). Children from China had 80% and 64% increased risk of lacking protective immunity to tetanus and polio type 1, respectively, compared with children from Russia (OR, 0.20; 95% CI, 0.08-0.49 and OR, 0.36; 95% CI, 0.19-0.71, respectively). Our findings also suggest that children from China may have been more likely to have protective immunity to measles compared with children from Russia (OR, 2.23; 95% CI, 0.95-5.21; P=.08). Birth country was not predictive of protective immunity with respect to diphtheria and polio types 2 and 3. Regarding surrogate immunity, defined as protective immunity to both tetanus and polio type 1, children from China were 66% less likely to have protective immunity compared with children from Russia (OR, 0.34; 95% CI, 0.17-0.66).
Children who lived exclusively in the community were nearly 7-fold more likely to have protective immunity to tetanus compared with those who lived in both institutional and community settings (OR, 6.69; 95% CI, 1.40-31.9) ( Table 4) . Preadoptive setting was not predictive of protective immunity in any other regression models. 
COMMENT
Our prospective study was designed to simultaneously measure the predictive value of immunization records for protective immunity to a comprehensive number of vaccines, identify risk factors for immunization failure, and assess a surrogate measure of immunity that excludes protective immunity derived from natural infection in international adoptees. Consistent with reports from previous studies, 7-9,11,12 our study demonstrates that immunization records for international adoptees may not accurately predict the presence of protective immunity. Our findings also suggest that birth country and preadoptive environment may be associated with a child's likelihood of having protective immunity.
For children with 3 or more documented valid DPT vaccinations, 94.6% and 87.2% of children had protective immunity to diphtheria and tetanus, respectively. Other studies have reported a range of immunity (35%-88%) to DPT, 8, 9, 12 with varying results likely owing to differences in the reliability of methods used to determine titers. A more recent study by Viviano and colleagues, 11 who used neutralizing antibody titers (diphtheria) and ELISA (tetanus), showed that for 70 international adoptees in Italy with 3 or more vaccine doses, 85.7% and 72.8% (using cutoffs of 0.1 and 0.5 IU/mL for diphtheria and tetanus, respectively, as used in our study) had evidence of protective immunity to diphtheria and tetanus, respectively.
Regarding polio, we observed in our study that for children with 3 or more polio doses, 58.3%, 82.4%, and 51.9% had protective immunity to polio types 1, 2, and 3, respectively. Miller and colleagues 9 observed that for children from both community and institutional settings with 3 or more polio doses, only 58%, 65%, and 62% had evidence of protective immunity to polio types 1, 2, and 3, respectively, while Schulpen and colleagues 8 observed that 71%, 94%, and 79% had protective immunity to polio types 1, 2, and 3, respectively (preadoptive setting not specified). Both studies used neutralizing antibody, as used in our study (considered to be the most specific test for determining the protective antibody response to polio virus 14 ). Viviano and colleagues 11 also used neutralizing antibody and observed that 67.1%, 91.4%, and 42.8% of children in institutional settings had full protection against polio types 1, 2, and 3, respectively, after 3 or more doses. We observed better protective immunity to polio type 2 compared with types 1 and 3, which is similar to what has been reported previously. 8, 9, 11, 14 The reason for this is unclear, although it has been suggested that type 2 polio vaccine virus and enteric pathogens often interfere with the immune response to types 1 and 3.
14 Regarding hepatitis B, we observed that 94.1% of 170 children with 2 or more vaccines had evidence of protective immunity compared with 68.9% reported by Viviano et al 11 and 69% reported by Saiman et al. 10 Because all 3 studies used similar methodologies to measure antibody titers, we suspect that differences in the rates of protective immunity may be related to variable documentation of preadoptive vaccination.
We observed protective immunity in 80.8% of 99 children who had received at least 1 measles vaccine, while Miller et al 9 reported 90% protection. Although most of the children in both studies emigrated from Russia and China, the average age of arrival reported by Miller et al was 38.2 months, compared with 19.4 months in our study. The risk of infection for measles increases with age, and older children may have received more doses of the measles vaccine, both of which may account for the higher protection rate observed in their study.
Our study indicates that the documented immunization records of international adoptees may not accurately reflect immunity. Reasons that have been proposed include falsification of vaccine certificates, inaccurate entries, and lack of vaccine potency. 5, 8, 9, 12 In our study, we examined protective immunity in children without documented immunization and observed that 43% to 84% of these children had protective immunity to either hepatitis B, measles, diphtheria, tetanus, or polio types 1, 2, or 3. The presence of protective immunity in these children may reflect poor documentation of vaccination coverage. This has been illustrated in previous studies evaluating international adoptees for Bacille Calmette Guerin immunization. 3, 10 For children younger than 12 months without documented vaccination, persistent maternal antibodies may also account for the presence of protective immunity. In our study, 67.7% of children older than 12 months and 80.0% of children younger than 12 months without documented vaccination had protective immunity to hepatitis B.
We further looked at protective immunity, with emphasis on country of origin. Children from China were significantly less likely to have protective immunity to tetanus or polio type 1 after 3 or more doses of DPT or polio vaccine compared with children from Russia, Guatemala, and other countries. After controlling for number of doses of vaccine, preadoptive settings, and sex, logistic regression models also indicated that children from China had 80% and 64% greater risk of lacking protective immunity to tetanus and polio type 1, respectively, than children from Russia. This finding is consistent with results of Schulpen et al, 8 who also noted in an unpublished source that vaccination certificates from China seemed unreliable because many were written with the same pencil, given on the same date of consecutive months, or dated before the birth of the child. Our study also shows that children from China are more likely to have protective immunity against measles than children from Russia. This may be owing to immunity acquired from the disease rather than from immunization because protective immunity to measles for children without a documented measles vaccine was 62.5% for Chinese adoptees compared with 44.9% of Russian adoptees; it could also be owing to lack of documentation, as explained above. Data showing protective immunity in US children following vaccination reveals close to 100% protective immunity 1 month after completing 3 doses of vaccine (diphtheria, 99.4%; tetanus, 100%; polio types 1, 2, and 3, 100% for each type; hepatitis B, 98.2%). 19 Of note, international adoptees in our and other studies had immunization titers drawn following adoption and irrespective of the time of vaccination. Although this delay Abbreviations: CI, confidence interval; OR, odds ratio. a All models adjusted for sex and number of vaccine doses. b Surrogate immunity is defined as protective immunity to both polio and tetanus.
